Abstract: The present work aimed to study the effect of palm pollen extract (PPE) as an anticoccidial and anti-apoptotic modulator during the course of murine intestinal Eimeria papillata infection. The fact that PPE has an anticoccidial efficacy against intestinal E. papillata infection in mice has been clarified by the reduction of faecal output of oocysts on day five post infection from 49.5 × 10 3 to 34 × 10 3 oocyst/g. Moreover, the number of intracellular eimerian stages of zygots and developing oocysts decreased by about 89% and that of schizonts and gamonts to 42% and 72%, respectively. E. papillata infection also induced an increase in the number of apoptotic cells from 17.5 to 122.8 apoptotic nuclei/10 villous crypt units (VCU). In addition, it caused a state of systemic inflammatory response as revealed by an elevation in levels of the pro-inflammatory biomarkers, inducible nitric oxide synthase (iNOs) and tumor necrosis factor alpha (TNF-α) from 5.3 and 78.3 to 33 pmol ml −1 and 96.3 pg ml −1 in blood, respectively, with concurrent duplication in the total leucocytic number. Upon treatment of infected mice with the aqueous PPE, the activity of iNOs was reduced by 55% and the level of TNF-α was decreased by 30%. Moreover, the total leucocytic count was significantly reduced from 9.05 × 10 3 to 7.8 × 10 3 cells/mm 3 . Based on our results, PPE showed both anti-coccidial, anti-inflammatory and anti-apoptotic activities. So it can be used in developing new herbal medicine against animal coccidiosis and may be suitable agent for treating eimeriosis associated inflammatory response.
Introduction
Intestinal coccidiosis is a cosmopolitan serious disease infecting nearly all mammal species (Mehlhorn et al. 2008) . The causal agent of this disease is the sporozoan parasite, Eimeria which spend its life cycle via fast and invasive multiplication within intestinal tract causing tissue damage and induces severe local and systemic inflammatory response (Dkhil et al. , 2013a AlQuraishi et al. 2012) leading to diminished feed intake and nutrient absorption, reduced body-weight gain, dehydration, blood loss, and increased susceptibility to other diseases (Gres et al. 2003) . Thus, it causes huge economic loss in the field of animal farming, milk and meat production (Licois et al. 1992; Bhat et al. 1996) .
Preventive therapy of coccidiosis has been relied on using anticoccidial drugs over a long period with water and food which causes serious problems with animal production as: interference with the immune system (Yunus et al. 2004 ), development of drug-resistant strains of eimeria (Abbas et al. 2011) , toxic effects on animal health (Nogueira et al. 2009) , and the bad effects of drug residuals in animal products (Innes & Vermeulen 2006; Williams 2006) .
Currently, new trends have been developed to identify various dietary supplements of natural origin into feeding programs to control Eimeria infections (Dalloul et al. 2003; Jang et al. 2007; Molan et al. 2009; Abbas et al. 2010; Metwaly et al. 2012a; Zhang et al. 2012a,b; Dkhil et al. 2013b) .
The date palm (Phoenix dactylifera L.) is known to be one of the oldest cultivated trees in the world and the most predominant tree in the Arabic world. Its fruit extract was found to have a strong antibacterial (Saddiq & Bawazir 2010) , anti-fungal (Shraideh et al. 1998) , antiparasitic (Metwaly et al. 2012a ), antiviral (Jassim & Naji 2010) and hepatoprotective activities (Al-Qarawi et al. 2004; Saafi et al. 2011; Metwaly et al. 2012b) . Among the common products of palm tree is their male gametophytes known as palm pollens. Palm pollens are considered to be an excellent food resource as it contains a wide range of biochemically and nutritionally important substances: minerals, trace elements, wide range of carbohydrates, organic acids, lipids, sterols, nucleic acids, free amino acids, vitamins and over 100 kinds of enzymes and co-factors (Hassan 2011) . Different plant pollens and their products are important in traditional herbal medicine that is widely used in treatment of various diseases as it has many pharmacological functions. It has antibacterial (Baltrusaityte et al. 2007) , antifungal (Ozcan 2004) , antioxidant (Campos et al. 2003; Leja et al. 2007 ), anti-inflammatory (Choi (Eraslan et al. 2009a, b) and hepatoprotective activities (Uzbekova et al. 2003) .
Based on these previously discussed biological functions of pollens, we designed the current work to study whether palm pollen extract exhibit an anticoccidial, anti-inflammatory or anti-apoptotic activities against intestinal E. papillata infection in mice or not.
Material and methods
Preparation of palm pollen extract Fine powder of palm pollen grains were purchased from local markets in Riyadh, Saudi Arabia. The water suspension was prepared by mixing 0.5 gram of pollen grains within 10 ml of sterile saline with vigorous shaking and vortexing. Then the solution kept at water bath at 60
• C for 90 minutes. This is followed by sonication within ultrasound probe (6 kHz) for 30 seconds. Then samples were stored at 3 • C overnight, followed by centrifugation at 2,500 G for 10 minutes. The clear supernatant was then separated into clear tubes and stored at refrigerator until use.
Animals and experimental design
Twenty four male Swiss albino mice (9-11 weeks) randomly divided into three groups, eight mice per each group. The first group received saline and served as control. Second and third groups were orally infected with 1.5 × 10 3 sporulated E. papillata oocysts. The 3 rd group was treated with a daily dose (150 mg/kg) of PPE for five successive days. The dose and the route of injection were selected on the basis of the previous studies (Elberry et al. 2011; Abedi et al. 2012) . The experiments were approved by state authorities and followed Saudi Arabian rules for animal protection.
Oocyst shedding rate On day 5 p.i. dry faecal pellets were collected from each mouse individually within the E. papillata infected untreated and treated groups and the total number of shaded oocysts were calculated using modified McMaster technique (Schito et al. 1996) .
Histological examination and parasitic score On day 5 p.i., the mice of all groups were euthanized with ether. Jejuna were then removed, fixed in 10% neutral buffered formalin, and then embedded in paraffin. Sections were cut and stained with hematoxylin and eosin (Dommels et al. 2007 ). The number of zygotes and developing oocysts, scizonts and gamonts were determined within ten intestinal crypt villi.
Immunohistochemical staining of apoptotic cells
Paraffin embedded jejunum sections were tested for apoptotic changes in their villi using the TUNEL Apoptosis detection kit (GenScript, USA). The test is based on detection of fragmented DNA in the nucleus during apoptosis. Biotinylated nucleotide is labeled at the DNA 3'-OH ends using terminal deoxynucleotidyl transferase (TDT). Then, horseradish peroxidase labeled streptavidin (Streptavidin-HRP) is bound to these biotinylated nucleotides, which are detected the peroxidase substrate, H2O2, and 3, 3'-diaminobenzidine (DAB) solution staining the apoptotic nuclei dark brown color. Sections then counterstained within hematoxylin solution for 1 min before final processing of slides. Apoptotic score was determined via counting the number of apoptotic cells within ten VCU. 
Inflammatory biomarkers
On day 5 p.i., blood was collected from mice hearts into heparinized tubes. Plasma was separated under cold centrifugation at 4
• C/4,500 rpm for 20 min. Cytokine content based on antigen-antibody interaction within 96-microplate wells coated with specific monoclonal antibodies was used. Tumor necrosis factor-α was detected via solid phase sandwich enzyme linked immunosorbent assay (ALPCO Diagnostics, USA), while Inducible nitric oxide synthase activity was determines via competitive enzyme immunoassay (ALPCO Diagnostics, USA).
Total leucocytic count
Complete blood was withdrawn from mice hearts into heparinized tubes. Total leucocyte count was analyzed using Vet abc TM Animal Blood Counter (HoribaABX, Montpellier, France) using a specified kit (Horiba ABX, France).
Statistical analysis
One-way ANOVA was carried out, and the statistical comparisons among the groups were performed with Duncan's test using a statistical package program (Sigma Plot version 11.0). All p values are two-tailed and P ≤ 0.05 was considered as significant for all statistical analysis in this study.
Results and discussion
All orally inoculated mice with 1.5 × 10 3 sporulated E. papillata oocysts started shedding of oocysts after three days post infection. On day 5 p.i., the maximum rate of oocyst shedding was 49.5 ± 8.9 × 10 3 oocysts/g faeces then the total amount of shaded oocysts declines up to day 14 p.i. (Figs 1, S1 ). After treatment of infected mice with PPE, the rate of oocyst shedding on day 5 p.i. was decreased to be nearly 34,000 oocysts/g faeces. Elucidation of the effect of PPE on different E. papillata stages within jejunum tissue stained with eosin/hematoxylin revealed a reduction in the number of zygotes and developing oocysts by about 89%. While, the total number of schizont and gamont stages reduced from 37 and 27 to 15.5 and 19.5 stage/10 VCU, respectively (Fig. 2, Table 1 ). Palm pollen extract (PPE) was an efficient agent in ameliorating E. papillata infection in mice as it could reduce the total number of shaded oocysts on day five post infection by about 31%, in addition to its lowering effect on the intracellular stages of E. papillata in jejunum. This inhibition of intracellular Eimeria stages and lowering effect on oocyst shedding rate is known to occur with most anticoccidial drugs. The anti-coccidial properties of PPE may be due to its high amounts of polyphenolic compounds (Campos et al. 2003; Carpes et al. 2007; Graikou et al. 2011 ) which exert a strong antimicrobial activity via interaction and disruption of microbial cell walls and membranes chang- Fig. 3 . Effect of palm pollen extract on the induced apoptotic changes in jejunum of mice infected with E. papillata: A -Control non-infected jejunum; B -E. papillata infected jejunum tissue of mice with large number of apoptotic nuclei; C -Shows the anti-apoptotic effects of palm pollen extract on infected mice jejunum villous cells. The white arrow refers to apoptotic nuclei. The black arrow refers to Eimeria stages. Sections were stained with TUNEL Apoptosis method. Scales 50 µm. Fig. 4 . Apoptotic score of jejunum of mice infected with E. papillata on day 5 p.i. Values are means ± SD; a -significance against non-infected group at P ≤ 0.05; b -significance against infected non-treated group at P ≤ 0.05, n = 8.
ing their permeability for cations and water leading to impaired membrane functions and leakage of cellular constituents and finally to cell death (Graikou et al. 2011; Dkhil et al. 2013b) .
Intestinal E. papillata infection in mice caused an increase in the total number of apoptotic cells from 17.5 to 122.8 cells/10 VCU ( Figs 3A, B, 4) . Treatment of infected mice with PPE significantly reduced the number of apoptotic cells near their control value of non-infected mice ( Figs 3C, 4) . Apoptosis in gastro intestinal system is vitally essential, where constant and rapid renewal of intestinal cells is in progress providing normal function holding tissue homeostasis. The presence of apoptotic cells within control uninfected mice jejunum is a part of normal function holding tissue homeostasis for renewal of intestinal cells. The great increase in the amount of apoptosis within E. papillata infected villi may be due to the complex host-parasite interaction. Parasite invasion and replication may cause considerable stress to the host cell (Frias et al. 2007; Fisch et al. 2007 ) and this stress, in turn, trigger apoptosis (Green & Reed 1998; Green 2000) . Other factors that contribute to apoptosis are the elevation of reactive oxygen and nitrogen intermediates and inflammatory cytokines within cells (Ramachanran et al. 2000; Major et al. 2011) . Pollen extract exerts a strong activity against oxidative damage and inflammatory response (Kroyer & Hegedus 2001; Choi 2007; Le Blanca et al. 2009 ) and hence inhibiting E. papillata induced apoptotic changes within infected mice jejuna.
Systemic inflammatory response towards E. papillata induced infection in mice was obvious as revealed by a significant elevation in the activity of iNOs and TNF-α from 5.3 and 78.3 to 33 pmol ml −1 and 96.3 pg ml −1 , respectively ( Figs 5A, B) . Also, total leucocytic count within blood of infected mice was significantly elevated from 4433 to 9050 cells/mm 3 (Fig. 6 ). Upon treatment of infected mice with the aqueous PPE the systemic inflammatory response was significantly (P≤ 0.05) diminished. The activity of iNOs was reduced to 55% and TNF-α level decreased to about 69% com- Fig. 5 . Systemic inflammatory biomarkers in mice infected with E. papillata on day 5 p.i. Values are means ± SD; a -significance against non-infected group at P ≤ 0.05; b -significance against infected non-treated group at P ≤ 0.05, n = 6. A -iNOs; BLevel of proinflammatory cytokine TNF-α. Fig. 6 . Total leucocyte count of mice infected with E. papillata on day 5 p.i. Values are means ± SD; a -significance against non-infected group at P ≤ 0.05; b -significance against infected non-treated group at P ≤ 0.05, n = 8.
pared to the non-infected controls (Fig 5A,B) . In addition, total leucocytic count was decrease to 7867 ± 586 cells/mm 3 (Fig. 6) . Our results showed that palm pollen does not only target Eimeria stages within infected tissues, but also exhibits anti-inflammatory activity protecting host tissues. This anti-inflammatory activity may be attributed to the presence of polyphenolic compounds. Flavonoids are known by their immunomodulatory and anti-inflammatory activities and inhibiting pro-inflammatory cytokine production and their receptors (Dudov et al. 1994; Kempuraj et al. 2005) . They also inhibit histamine release from different tissues (Pearce et al. 1984 ) and down-regulated transcription factor NF-kB/IkB involved in immune and inflammatory responses (Tsai et al. 2008 ).
Conclusion
Our data indicate that palm pollen exhibited a significant anticoccidial activity as it lowered the oocyst output as well as the parasite number in the jejunum and, coincidently, an anti-inflammatory activity through lowering the infection-induced increased leucocytes. Moreover, PPE acts as an anti-apoptotic agent. Collectively, PPE could protect host tissue from injuries induced by parasites and hence it is highly recommended to use palm pollen as an excellent food additive.
